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ABSTRACT:  
Roof-to-wall-connection (RTWC) is critical in the loading path of wood-frame residential buildings, whose fatigue 
performance under varying wind loading is investigated in this study. To get an insight on the wind induced 
fatigue behavior at low to moderate hourly mean wind speeds and to demonstrate the effects of adhesives on the 
fatigue performance of RTWC, two types of fatigue experiments, namely the constant and the varying amplitude 
loading tests, were conducted on three RTWC configurations with and without elastomeric construction adhesives. 
Based on the constant amplitude loading test results, fatigue life prediction models were developed, and the reduction 
in the static load capacity due to cyclic loadings were estimated. Adhesives are shown to increase the endurance limit 
of the RTWCs, which is desirable to enhance the life-cycle performance of wood buildings. The varying amplitude 
loading test results indicate that buildings in non-hurricane regions are vulnerable to fatigue damage at a low-level 
mean wind speed. It may induce loadings above the endurance limit of the RTWCs. On the other hand, the linear 
Miner’s cumulative fatigue damage model can be reasonably used to predict fatigue damage of the RTWCs when 
subject to multi-amplitude wind loadings. The testing results presented herein provide essential data on the hysteresis 
behavior and failure modes of RTWCs to facilitate future implementation of adhesives in wood constructions. 
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1 INSTRODUCTION 
Roof-to-wall connections (RTWCs) and roof sheathing in residential wood-frame buildings having 
significant influences on the roof performance under wind loads. The critical role of these 
connections was also revealed from many post-hurricane/storm damage surveys (e.g., [1]–[3]). 
Not only will roof failure endanger occupants of the houses, but it also led to water intrusion, 
resulting in significant subsequent damage to household items inside, such as furniture and 
appliances.  
An experiment conducted by the Insurance for Business & Home Safety (IBHS) on a full-scale 
house under the impact of open wind turbines shows that the roof failure initiated at the rafter- to-
top plate connections due to inadequacy in resisting and transferring loads [4]. Toenails are the 
most common fasteners used in RTWC in North America, and significant roof structure failures 
were due to the failure of these conventional connections, among which many were observed at 
wind speeds below the design level [5]–[7]. The underperformance of the roof connection can 
mainly attribute to the improper selection and application of construction materials (i.e., fasteners, 
wood framing, and sheathing) or strength degradation due to aging and long-term service within 
the intended life span [8].  
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The capacity of toenail connections to uplift loads has been the subject of many studies. For 
example, [9]–[17] examined various connection strengthening approaches, such as commercial 
metal straps and construction adhesives. Research on the effect of adhesive materials to wood 
construction has gained attention. Generally, better performance of structural members (i.e., roof 
connection, sheathing) under natural hazardous loading conditions was observed when adhesive 
materials were adopted in the construction [18]. Monotonic loading tests of RTWC specimens 
demonstrated that increased uplift resistances were achieved with the application of the 
elastomeric adhesives, which may provide an affordable, efficient, and nonintrusive solution for 
roof connections in high wind areas.  
One way to evaluate the connection's capacity under long-duration wind load might be through 
low cyclic fatigue experiments, which were adopted in several studies to investigate the fatigue 
damage of metal roof claddings. Fatigue testing program of mechanical fixation elements of roofed 
low-rise structures was developed based on the design wind pressure [19], during which wind 
cycles of certain wind speed was estimated considering the cumulative probability distribution of 
the 50-year return period. Fatigue performance of light gauge roofing was evaluated based on the 
cycles to fatigue failure versus loading levels, which were determined using the wind loading 
spectrum of a design wind event [20]. Another procedure for estimating the wind-induced fatigue 
damage of roof claddings was developed in [21], [22], during which a rainflow count method was 
employed to determine the fatigue loading from a measured cyclone wind load history based on a 
wind tunnel testing of a model house. The S-N curve, where S represents the stress amplitude, and 
N is the number of cycles until failure, was used to estimate the fatigue damage in conjunction 
with Miner's rule.  
It shall be pointed out that damage accumulation mechanism in low cycle fatigue for metal roof 
claddings is different from those of nailed connections in wood-framed buildings [23]. 
Understanding whether the fluctuating wind loading of longer duration and relatively lower 
amplitude will induce fatigue failure is critical for wind resistance performance evaluation of 
RTWCs, especially, in non-hurricane regions where toenails still dominate the wood frame 
constructions. These regions are exposed to winds with low to moderate speeds all year-long, 
where the damage is not expected due to overloading [24]. Therefore, the objectives of this study 
are twofold: (i) to estimate the wind-induced fatigue damage of standard toenailed RTWCs (ii) to 
evaluate wind-induced fatigue mitigation performance of the proposed strengthening method using 
elastomeric adhesives.  
2 METHODOLOGY 
The flowchart shown in Figure 1 illustrates the fatigue preformation evaluation of the roof 
connections employing both the constant and the varying amplitude loading tests. On the left, steps 
to develop the S-N curve are demonstrated, including the determination of the endurance limit 
based on the constant amplitude loading tests. The mathematical relationship between the applied 
load and fatigue life, known as the fatigue load-life model, is then established based on the 
regression analysis. On the right, the rainflow count method is used to determine the wind-induced 
cyclic load (i.e., the varying amplitude loading protocol) from the wind-force time history.  
Fatigue damage of the test specimen of each configuration under the varying amplitude loadings 
is quantified using the DI defined in Eq. 1, where Nfj is estimated using the fatigue load-life model 
for the Far values resulted from the rainflow cyclic counting analysis, while the number of cycles 
applied (Nj) are directly obtained from the varying amplitude loading tests. The hysteresis curves 
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and displacement behavior are analyzed to provide reasonable explanations for the connections' 
fatigue performance and failure modes observed from both tests. 
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Figure 1. Fatigue performance evaluation using constant and varying amplitude loading tests 
 
In this study, the cumulative fatigue damage index (DI) is defined based on Miner’s model to quantify the 









= =   Eq. (1) 
where Dj is the proportional fatigue damage of the j
th loading amplitude (1≤ j ≤ m), and m is the total number 
of loading amplitudes. Nj is the number of cycles applied at the j
th loading amplitude, and Nf j is the number 
of cycles to failure under the constant loading of the jth amplitude. According to Miner's rule in Eq. 1, 
fatigue failure is expected when DI reaches unity, that is when 100% of life is exhausted [25]. 
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